Abstract: Background and objectives: The objective of this study was to determine if the angular photogrammetric analysis of soft-tissue characteristics can determine similarities between parents and their offspring in the Serbian population. Materials and Methods: A total of 15 families (52 participants) met the participation criteria of this study and their facial profile images were analyzed using the ImageJ software. Subjects were divided into groups of mothers and fathers and four groups of children (divided according to their age and gender). In total, twelve angular measurements were made on the standardized digital images of the profiles of the participants and the obtained data were compared using one-way ANOVA. Results: The obtained results showed that there were statistically significant differences in the values of the nasal and cervicomental angles, as well as the angle of the total facial convexity, between the group of fathers, on one side, and groups of male/female children, on the other. Conclusions: This work represents the first photogrammetric analysis of facial soft-tissue characteristics of children and adults in the Serbian population. The data suggest that there are much more similarities between the facial soft-tissue angles of fathers and their male offspring. Furthermore, mothers tend to have statistically insignificant differences in angle sizes, compared to both male and female offspring.
Introduction
Soft-tissue analysis using appropriate images of human faces (i.e., photogrammetry), has been used for a few decades to evaluate both developmental and age-related changes, as well as population variables in humans [1, 2] . This method has primarily been utilized in orthodontics, genetics, maxillofacial and plastic surgery for diagnosis, treatment planning, and post-operative assessment [3] [4] [5] [6] . Additionally, Before the commencement of the study, each volunteer gave informed consent as to the purpose and nature of the study. All work has been performed in accordance with the Declaration of Helsinki and was approved, on the 10th of March 2016, by the Faculty Ethical committee (No. 12-2307-2/14). Our subjects were Caucasian parents (aged 38 to 56) and their children (from 15 to 21 years (y.) old), from Serbia, with no facial deformities.
All volunteers were recruited using a questioner and, after their initial involvement, the selected study group met the following criteria: Serbians with Serbian grandparents; all teeth present, apart from the third molars in some cases (children 17 years old and younger); good facial symmetry; and without significant medical history (no history of trauma, orthodontic or prosthodontic treatment, no maxillofacial or plastic surgery, and had Class I dentoskeletal relationships (ideal overjet and overbite)). Body mass index (BMI) was not taken into account during the collection and analysis of results. In total, 15 families (with a total of 52 participants) met the participation criteria of this study and were further analyzed. The study was conducted on a group coming from southeastern Serbia, in the municipal area of Niš. Children, as subjects, were divided into groups of males and females, and each group was further divided into two groups; those aged 15-17 and 18-21 y. As the Serbian ethical committee does not allow radiographic exposure of patients for the purposes of investigation, standardized facial photographs were used.
Camera Characteristics and Image Capturing
The camera (Canon EOS 650D) was positioned on a tripod (90 cm from ground level), the height of which was adjusted so that the optical axis of the camera lens remained horizontal and the film plane vertical. A leveling device (which is a part of a tripod) was used to ensure that the camera was in the correct horizontal position during the capture of the photographs. Additionally, the height of the tripod was adjusted for each subject (sitting position) when the photographs were taken. The objective lens was Sigma (Kawasaki, Japan) EX 105 mm f/2.8 DG Macro, and the shutter speed was set to 1/125 per second, with a fully opened diaphragm.
All subjects were placed in the same sitting position (2 m from the camera), in front of a calibration scale, turning their face/body profile to the camera, while their heads were in normal head position (NHP). Behind the subject, the same 30 cm-long vertical calibration scale was placed, where both centimeters and millimeters could be distinguished. This scale allowed calibration of the digital image to life-size dimensions during the measurement of photographs. The NHP position was achieved by carefully instructing the subjects to relax their bodies, put their arms close to their body, relax their lips, and watch their own eyes in the mirror placed in front of them. Subjects were also asked to remove their eyewear, all hair from the forehead, and the remaining exposed side of the face behind the ears.
Photogrammetric Measurement
The obtained images of human faces in profile position were analyzed using the ImageJ software (http://rsb.info.nih.gov/ij/). Before any measurement, each image was calibrated using the ruler which was placed next to the face of the volunteer during the image capture. Details concerning the facial landmarks, which were used for the selected angular measurements, are shown in Table 1 and Figures 1  and 2 and represent previously-established parameters [17] . In total, twelve angular measurements were made on the standardized digital images of the human profiles (Figures 1 and 2 ). All measurements were performed by one researcher on black and white images. 
Facial Landmarks

Glabella (G)
The most anterior point of the middle line of the forehead. Nasion (N)
The point in the middle line located at the nasal root. Pronasal (Prn)
The most prominent point of the tip of the nose. Columella (Cm)
The most inferior and anterior point of the nose.
Subnasal (Sn)
The point where the upper lip joins the columella. Labial superior (Ls)
The point that indicates the mucocutaneous limit of the upper lip. Labial inferior (Li) The point that indicates the mucocutaneous limit of the lower lip. Supramental (Sm)
The deepest point of the inferior sub-labial concavity. Pogonion (Pg)
The most anterior point of the chin. Menton (Me)
The most inferior point of the inferior edge of the chin. Tragus (Trg)
The most posterior point of the auricular tragus.
Medicina 2019, 55, x 3 of 11 objective lens was Sigma (Kawasaki, Japan) EX 105 mm f/2.8 DG Macro, and the shutter speed was set to 1/125 per second, with a fully opened diaphragm. All subjects were placed in the same sitting position (2 m from the camera), in front of a calibration scale, turning their face/body profile to the camera, while their heads were in normal head position (NHP). Behind the subject, the same 30 cm-long vertical calibration scale was placed, where both centimeters and millimeters could be distinguished. This scale allowed calibration of the digital image to life-size dimensions during the measurement of photographs. The NHP position was achieved by carefully instructing the subjects to relax their bodies, put their arms close to their body, relax their lips, and watch their own eyes in the mirror placed in front of them. Subjects were also asked to remove their eyewear, all hair from the forehead, and the remaining exposed side of the face behind the ears.
Photogrammetric Measurement
The obtained images of human faces in profile position were analyzed using the ImageJ software (http://rsb.info.nih.gov/ij/). Before any measurement, each image was calibrated using the ruler which was placed next to the face of the volunteer during the image capture. Details concerning the facial landmarks, which were used for the selected angular measurements, are shown in Table 1 and Figures 1 and 2 and represent previously-established parameters [17] . In total, twelve angular measurements were made on the standardized digital images of the human profiles (Figures 1 and 2 ). All measurements were performed by one researcher on black and white images. 
Facial Landmarks Glabella (G)
The point in the middle line located at the nasal root.
The point that indicates the mucocutaneous limit of the upper lip. Labial inferior (Li)
The point that indicates the mucocutaneous limit of the lower lip. Supramental (Sm)
Statistical Analysis
Comparisons between the groups of fathers/mothers and the four groups of their offspring were done using one-way ANOVA followed by Tukey's post-hoc test, in order to estimate additional differences between the experimental groups (SPSS version 16). Probability values (p) less than 0.05 were considered to be statistically significant.
Results
This study included a total of 30 adults (15 males and 15 females) and 22 children, aged from 15 to 21, which were further divided (according to gender and age intervals) into 4 groups. Table 2 presents the measured (angle) parameters of parents and their offspring, as well as the results of the statistical analyses (ANOVA and Tukey's post-hoc test). Only four out of twelve measured angles were significantly different, as revealed by ANOVA, between the parents and their children ( Table  2 ). 
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Results
This study included a total of 30 adults (15 males and 15 females) and 22 children, aged from 15 to 21, which were further divided (according to gender and age intervals) into 4 groups. Table 2 presents the measured (angle) parameters of parents and their offspring, as well as the results of the statistical analyses (ANOVA and Tukey's post-hoc test). Only four out of twelve measured angles were significantly different, as revealed by ANOVA, between the parents and their children ( Table 2) .
On the other hand, there were several parameters (measured angles) where the p values for the compared groups were almost 0.05 and, possibly, an increased number of subjects would alter the outcome of the statistical analyses. Tukey's post-hoc test revealed less statistically significant differences than the previous analysis but gave better insight into the differences within the groups. From this analysis, we can see that there were statistically significant differences in the values of the nasal (Cm-Sn/N-Prn) and cervicomental angles (C-Me/G-Pg) and the angle of the total facial convexity (G-Prn-Pg) between the groups of fathers, on one side, and the groups of male children aged 15-17, and female children aged 15-17 and 18-21, on the other (for details, refer to Table 2 ). In the case of the group of mothers, there were no statistically significant differences found with the groups of children after Tukey's post-hoc test was applied. This disappearance of statistical difference between groups of mothers and children could be explained by the small number of included subjects. a and b -the statistical difference between groups of children, on one side, and fathers/mothers, on the other, respectively (ANOVA); * p < 0.05; ** p < 0.01, and *** p < 0.001 for statistically significant values after Tukey's post-hoc test; SE -standard error; CI -confidence interval.
Discussion
We discuss our findings mainly with respect to growth: Heritage plays a big role, but the phenotype of the children is the result of a combination of genotypes and other factors. As mentioned in the introductory section, the nose structures undergo changes during growth and progress in the forward direction. Additionally, the nose soft-tissue has the greatest increase in size, compared to the lip and chin [19] . The analyzed nose soft-tissue describing angles included the nasal, vertical nasal, and nasal dorsum angles. In the case of the nasal angle, a statistical difference was found between the groups of fathers and female children 15-17 y. (Table 2 ). Interestingly, the nasal angle (tip of the nose) has been found to differ among the sexes, being somewhat larger in females than in males, by different authors [17] . This angle was found to reach adult values in girls at around 6 to 7 years, while in young boys nearly 86% reached adult values [20, 21] . Such data are not supported by the results of our study, since the only differences that were found existed between fathers and younger daughters ( Table 2) . Data from the meta-analysis [22] suggests that, in the white (Caucasian) population, the values of the nasal angle are from 70.1 • to 81.8 • (mean 75.7 • ). The values outside this range were those obtained from the groups of older males and younger female children ( Table 2) .
The cervicomental angle is believed to be the hallmark of youth, together with other facial landmarks, and it varies in the range of 90-100 • . With aging, this angle tends to become less acute (>100 • ) due to the loss of dermal elasticity, attenuation of platysma, increase in fatty tissues, and so on [23] . Thus, the results of our study (i.e., the presence of statistically significant differences between the groups of fathers and male/female children aged 15-17) were somewhat expected (Table 2 ). In slightly older children and the group of mothers, this angle tends to be similar (≈100 • , Table 2 ). In Turkish and Iranian populations, this angle was found to be statistically different between the genders, aged 19-25 [24, 25] . The values of these sex-related cervicomental angle differences, although pronounced, differed among the mentioned populations, in an interval from 76-101 • [24, 25] ; whereas the values of adults (the groups of mothers and fathers) in our study were slightly higher ( Table 2) .
The lack of statistically significant differences (after the post-hoc analysis) in the facial profile angle (G-Sn-Pg) between the groups of mothers and the groups of children is in good agreement with the known fact that this angle remains relatively constant during growth [3] . Thus, one should not expect family/gender-related changes to occur in the value of this angle.
The angle of the total facial convexity was found to be statistically different between younger male children and mothers/fathers; however, after the post-hoc analysis, this difference was only visible between the groups of younger male children and fathers (Table 2 ). According to the meta-analysis by Wen et al. [22] , this angle in the Caucasian population ranges from 138.2-145.4 • (with mean 141.5 • ). The values obtained herein, for each of the study groups, were mostly accommodated within this range, except for the group of male children 15-17 y. (Table 2) . Here, again, the sexual dimorphism of this angle is debatable; there are groups of authors claiming both the presence or absence of differences between males and females [1, 17, 26, 27] . The reported angles of the total facial convexity were similar or somewhat smaller than those measured in our study ( Table 2 ). The measured nasolabial angle (Cm-Sn-Ls) was previously found to have a large SD (>7 • ), in several studies which included subjects from all over the world (USA, Croatia, and Saudi Arabia) [1, 2, 26, 28] . This angle was also demonstrated to statistically significantly differ between males and females at the age of 6 and 7 and in those aged from 25-29 [1, 29, 30] . Such large SDs and gender differences (or, as a matter of fact, any kind of difference between the analyzed groups) were not found in our study. These large SDs can possibly be explained by the fact that two out of three studies reporting this [2, 28] used radiographs for the analysis. However, the explanation of the large SDs for the angle in question, in studies that used images for the angle measurements, could be interpreted as a high angle variability [1, 26] . According to Wen et al. [22] , the value range for this angle in the Caucasian population should be between 94.0-105.8 • , with a mean value of 100.1 • . The values in our study were much higher than those suggested by Wen et al. [22] , and the values for this angle in children were more similar to the ones found in our study [29] .
The mentolabial angle (Li-Sm-Pg), with expected values between 124.3-133.3 • [22] , did not differ in its value among the study groups (Table 2 ; p > 0.05). Again, as in the case of the nasal angle, the groups of older males and younger female children had values of the mentolabial angle below and above the mentioned range of values, respectively; but with a high SE ( Table 2) . Such a high SE can be expected for the mean values of this angle, as reported previously, and could be associated with the Class II profile cases [1] ; which correspond, according to the facial profile angle, to the groups of older males and younger female children. In the groups of older males and females (fathers and mothers), the values for this angle were in the expected range and could be correlated with the values found by other researchers [26, 31] .
The values of the nasofrontal angle measured in our study groups were above ( Table 2 ) the suggested range of values for the Caucasian population (from 133.6-142.0 • ) [22] . This angle was found to be both significantly different/indifferent among the genders in the studied populations [1, 17, 26, 32] . The angle of the head position was used for the estimation of the lower profile orientation [17] and, after the statistical analysis, no significant differences were found among the groups (Table 2) . A wider angle points to a prognathic face profile, while narrower angles are found in those with retrognathic profiles. In male and younger female children, this angle was more acute than in other groups, indicating their retrognathic or posteriorly-divergent position of the lower face profile ( Table 2) .
The middle and lower thirds of the face height were assessed using the middle and lower facial third angles (Table 2 ). These two angles did not differ statistically among the groups, pointing to similar facial third sizes in all groups. However, when one compares these two angles between each other, it is visible that the angles of the lower facial third are much narrower than those of the middle facial third corresponding to the same group ( Table 2 ). The only exception is the group of younger male children, where the lower facial third angle was wider than the middle facial third angle (Table 2) , which can possibly be explained by the large SDs found for this angle. Similar findings as those of our study (i.e., that there are no sex or race differences) can be found in the literature [17] .
Conclusions
